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SUMMARY

The scope of this program is to demonstrate a 1K GaAs static RAM

having very low power dissipation, 1 pW/bit in standby, and short access time,

10 ns, to meet the requirements of the DARPA Advanced On-Board Signal Process

(AOSP). High radiation tolerance (total dose and transient radiation) of GaAs

circuits is also important for the AOSP application, and it will be evaluated

and optimized within this program. In the six month period covered by this

report, the processing of 1K RAMs was begun, studies of isolation behavior

continued, radiation studies were performed, and the design of a high speed

RAM mask was initiated.

The initial three weeks of this semester were spent in reestablishing

the process line following the accidental fire of August 1, 1983. A new lOX
wafer stepper was received and brought on-line; no problems were encountered

in bringing the machine up to acceptance standards. The alloy and anneal

furnace tubes, which also experience considerable damage, were replaced and

several conditioning runs made to insure proper functionality.

Once all processing equipment was on-line, fabrication of the new

mask set RM4 containing 256/1K bit RAM circuits was begun. Four lots were

processed with particular emphasis on uniformity and threshold voltage con-

trol. The dc parametric data indicated threshold uniformity improvements due

primarily to better deposition techniques for the Si0 2 layer. However, the

magnitude of the threshold voltage was lower than anticipated, and the dis-

crepancy appears to be due either to lower activation in the new anneal fur-
nace, or altered surface conditions following dielectric etching. All other

processing parameters appeared normal and consistent with pre-accident data.

Testing of the first lots of RAM wafers yielded a very high failure

rate. The problem was traced to a mask error in the peripheral circuitry in

which a Schottky-ohic metal overlay was missing. The masks are currently

being modified with an approximate two week turnaround time expected.

1
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The isolation studies for ultra-low power devices contined with major

emphasis on isolation degradation following the Schottky metal process. It

was found that the metalization step itself was not responsible for the reduc-

tion in breakdown voltage, and it appears that the dielectric etching steps

play a primary role. A theoretical formulation for the leakage behavior of

GaAs substrates was initiated, and good agreement between theory and the ex-

perimental data was obtained.

A conceptual design of a new RAM mask set was begun in order to eval-

uate a wider range of RAN cell configurations. Both 256 and 1K bit arrays are

being considered, and emphasis will be placed both on cell designs for en-

hanced yield and radiation hardness. Enhancement/depletion devices will also

be incorporated into the design.

Upset measurements have been made on a number of 256 bit RAMs using

an Am-241 alpha particle source. The numerical value for the failure cross

section was found to be similar in magnitude to the area of the Schottky bar-
rier speed-up capacitor, suggesting that the capacitor is primarily respon-

sible for the magnitude of the upset cross section. Eliminating the n"
implant in this capacitor reduced both the hold zero and hold one upset rates.

However, the cross sections were still substantially larger than the area of

the FET gates. More experiments are underway in order to evaluate the charge

collection of Schottky metal on semi-insulating GaAs.

Single event upset measurments have also been carried out using

40 MeY protons at the NRL cyclotron facility. The results for this case also

demonstrated a lower upset cross section for RAMs fabricated without the n"

layer in the speed-up capacitor. The preliminary data indicates that the

susceptibility of the RAN cell to alpha particle radiation may be greatly

reduced by relatively small design changes.

2
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1.0 INTRODUCTION

The development of a low power radiation hard memory chip is moti-

vated by the DARPA Advanced On-Board Signal Processor (AOSP) program. The

goal of this program is to develop a flexible, multi-mission signal processor

to fulfill the processing requirements of space-based missions through the

1990's. The AOSP system specification translates into memory device specifi-

cations in the following manner. Long mission lifetimes (> 5 years) and

space-based environmental conditions require a radiation hardened device tech-

nology capable of surviving total doses in excess of 106 rads. Power dissipa-

tions of 0.5-1 pW/bit are required due to the large memory sizes and limited

power budget. The 4K memory design goals are summarized in Table 1-1.

Table 1-1

AOSP GaAs Memory Design Goals

Memory Type Static Random Access

Power Dissipation 1 gW/bit

Speed access 10 ns

Radiation Hardness > 106 rad total dose

Storage Capacity 4096 bits/chip

The above requirements are very demanding. They represent a "speed

power" product of 4 10 fJ/bit.

In the previous GaAs static RAM development program, a low power RAM

cell was designed and a 256 bit RAM was demonstrated. The final phase of the

previous program provided an opportunity to begin processing 3 in. GaAs

wafers. The implementation of the 3 in. wafer process was very successful.

In this report, the results from the second semester of a 21-month

program designed to raise the complexity of the GaAs static RAM from 256 to 1K

bits with the operating characteristics listed in Table 1-1 are discussed. In

3
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this period, the processing of the 1K RAM design was begun, as well as con-

tinued effort in the area of device isolation. The results are discussed in

Section 2. Single event upset measurements using both alpha particle sources

and 40 MeV protons are discussed in Section 3, while the initial design con-

siderations for the next RAM mask set RM4 are discussed in Section 4.

4
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2.0 PROCESS STATUS

The initial three weeks of the semester were spent in reestablishing

the process line following the accidental fire of August 1, 1983. A new lOX
wafer stepper was received and brought on-line; no problems were encountered

in bringing the machine up to acceptance standards. The alloy and anneal fur-

nace tubes and boats, which also experienced considerable damage, were re-

placed and several conditioning runs made to insure proper functionality.

Once all processing equipment was back on-line, fabrication of the new 256/1K

bit RAM circuits was begun. In addition, a detailed analytical study of sub-

strate isolation for ultra-low current devices was initiated so that a the-

oretical formulation could be compared to the observed experimental data.

2.1 1K Bit RAM Processing

Since reestablishment of the process line, four wafer lots of the RM4

1K RAM design have been fabricated with particular emphasis on uniformity and

threshold voltage. Since these lots were the first wafers to utilize the new
equipment, there was uncertainty whether the old process parameters would be

valid. The dc parametric data indicated threshold uniformity improvements,

due primarily to better deposition techniques for the S10 2 layer. However,

the magnitude of the threshold voltage was somewhat lower than anticipated,
and the discrepancy appears to be due either to lower activation in the new

anneal furnace, or altered surface conditions following dielectric etching.
All other processing parameters appeared normal and consistent with pre-

accident data. The initial testing of the first lots of RM4 RAM wafers

yielded a very high failure rate. The problem was traced to a mask error in

the peripheral circuitry in which a Schottky ohmic metal overlay was missing.

The masks are currently being modified with an approximate two week turnaround

time expected.

- ,56A/sn
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2.2 Surface Leakage Studies

The semi-insulating GaAs substrate is one of the most important fac-

tors in achieving high speed and low power GaAs ICs. It has been recently

found that as-grown, undoped semi-insulating GaAs wafers do not remain totally

semi-insulating after processing. To understand the mechanism of the sub-

strate leakage, an analytical pseudo two-dimensional multi-conduction path

model has been developed to correlate the injection level and the threshold

voltage with EL2 and carbon distributions. Good quantitative agreement be-

tween the model and isolation test results have been achieved.

2.2.1 Multi-Conduction Path Model

It has been known that the substrate leakage current in processed

semi-insulating GaAs wafers follows nonlinear injection behavior. 1 However,

the observed breakdown voltage is lower than what would be expected from the

measured bulk trap concentration based on the carrier injection model. 2 Since

the compensation scheme in undoped semi-insulating GaAs is controlled by the

balance between EL2 and residual carbon,3 the major electron traps are EL2

deep donors ionized by carbon acceptors. Nevertheless, EL2 can outdiffuse,

drop-'ig in density at the surface approximately two orders of magnitude after

thermal annealing.4 ,5 In this case, the concentration of empty EL2 (electron

traps) in the close vicinity of the surface would be much lower than that in

the bulk, and therefore cause a low trap-fill-limited voltage in substrate

conduction. Recent experiments have indicated the correlation between the

trap-fill-limited voltage and the EL2 distribution.6 ,7 According to the com-

pensation scheme In undoped semi-insulating GaAs, the trap density is the same

as the carbon concentration when the total EL2 concentration exceeds the car-

bon level. If the EL2 concentration falls below the carbon level, EL2 would

be fully ionized and the substrate converts to p-type. 8 Because of the p-type

conversion, the explanation for the low voltage carrier injection through a

n+-p-n+ structure becomes nontrivial. To explain the observed nonlinear in-

jection behavior, a multi-conduction path structure for the GaAs substrate has

been formulated.

6
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Fig. 2.2-1 Trap concentration as a function of distance from surface.

Previous work has shown that trap-fill-limited SCL injection would

not take place unless breakdown of the reverse biased junction occurred.

Since the hole concentration of the p-type surface layer is close to the

carbon concentration (typically 5 x 1015/cm3 ), the breakdown will not happen

until 36 V. Under this condition, the trap-fill-limited voltage is too high

to observe any SCL injection at lower voltages. Therefore, it is believed

that the low threshold voltage conduction mechanism is due to the existence of

a surface potential depleted space-charge region close to the surface, as

shown in Fig. 2.2-1. A few thousand angstrom thick space-charge region could

be easily formed by assuming a 0.5 eV band bending, which is not unusual for a

p-type (100) GaAs wafer after chemical etching.10 Because all free holes are

depleted by the surface potential, the injected electrons fill empty surface

traps leading to the trap-fill-limited behavior.

Based on this surface depletion model, the substrate leakage current

7
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can be separated into three components: The space-charge limited (SCL) in-

jection through the surface depletion region (IscL) , the reverse saturation

current through the n+-p-n+ transistor located underneath the surface deple-

tion zone (IR), and the ohmic leakage current through the bulk of the sub-

strate (Iohm). According to this conduction scheme, an analytical pseudo two-

dimensional model was developed to correlate the injection level and the

threshold voltage with EL2 and carbon distribution.

2.2.2 Pseudo Two-Dimensional Treatment on Surface Space-Charge Injection

Since the spacing between two n+ electrodes is smaller than the width

of electrodes, the current flowing from the cathode to the anode can be viewed

as a two-dimensional boundary value problem. The boundary values for the sur-

face space-charge injection (ISCL) can be idealized, as shown in Fig. 2.2-2.

The upper surface of the depletion zone is biased by the surface potential,

Vs, the cathode grounded, and the anode externally biased by Va. In addition,

the derivative of the potential should be zero at the bottom layer because the

neutral p-type region is underneath.

MRDC83-24119

+

ISCL SURFACE DEPLETION ZONE

n+ Ir P n+

Iohm

Fig. 2.2-2 Boundary model for surface space-charge injection.

8
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The general equations which determine the injection behavior can be

written as

V E(xy) = -A {n + nt + NA} (1)

V J SCL (X,Y) = 0 (2)

x
JSCL= qnEx + qO a (3)

JSCL= qpnEy - qD an (4)

Ntnt -- (5)
nt N N

gn

E -E
N = Ncexp C kT c (6)

where the x-direction is horizontal from the cathode to the anode, and the y-

direction is vertical from the bottom to the top; n and nt represent electron

population at conduction band and trap levels, respectively. NA is the accep-xA

to f concentration. J, is the total current flow. JSCLand JyCL are the compo-

nents of current flow in horizontal and vertical directions, respectively. Nt

stands for the concentration of deep level traps, Nc for the density of state
in the conduction band, Et and Ec for the energy level of trap state and con-

duction band, respectively. In addition, 9 is a degeneracy factor for elec-

tron population. N is introduced as a matter of convenience.

Unfortunately, it is difficult to find an analytical solution for the

previously mentioned equations. Instead of solving these equations numeri-

cally, simplifications were made so that the equations could be solved anal-

ytically. The simplifications are based on the following assumptions.

1. The surface depletion region is completely depleted by the sur-

face potential.

9
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2. There is no net current flow in the vertical direction. Be-

sides, the horizontal current is mainly contributed by its drift

component.

3. The concentration of ionized acceptors (NA), the electron popu-

lation over the conduction band (n) and the trap level (nt) only

vary with depth y.

When the externally applied voltage VA is much lower than the inter-

electrode punch-through voltage, the first assumption is generally correct,

except in those areas very close to the anode. Since no net current flows

vertically, the cancellation between the drift and the diffusion term of cur-

rent, JyC would relate the electron population to the vertical field. AsSCL'
the following analysis shows, this relation gives one of the major constraints

to the cross sectional area of carrier injection. For simplicity, NA, n and

nt are assumed to vary vertically. Neglect of the diffusion components from

J cLX is due to the fact that the intereletrode space is often larger than the
carrier diffusion length. All these assumptions are made to reduce original

equations into a pseudo two-dimensional form and the main features of physics

remain intact. The simplified equations can be rewritten as follows:

Assuming

--Z A NA(y) (7)

Then, for certain depth y down from the surface, Eq. (1) becomes

8 - I n(y) + nt(Y)} (8)

and the equation of continuity is reduced to

JSCL = qpnEx " constant (9)

with a constraint

10) C5756A/sn
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1 2 2
n(y) = n(o) exp [ - ( N)N(dy ) (10

where n(o) is the electron concentration at the top surface, and d is the

depth of depletion zone. Equations (7), (8) and (10) are then used to calcu-

late the space-charge injection through a trapped depletion region.

Traps are viewed as "shallow" or "deep" based on the injection level.

As the injection level increases, the Fermi level (Ef) moves up in the for-

bidden gap toward the conduction. When it moves through a trap level, the

trap which used to be shallow, becomes deep. Therefore, the injection behav-

ior of SCL current could be categorized into three limiting cases.

Case of Shallow Trapping N

As long as Ef lies below Et by more than kT, 1 + N/gn - -and the

traps are said to be "shallow". The ratio of free to trapped electron densi-

ties is a constant 0 which is independent of n and expressed as

Those shallow traps are important for which 0 << 1, since most injected elec-

trons are immobilized in such traps. For the case of EL2 traps, Et = Ec

-0.83 eV so that

0.1.88 x 103  (12)Nt

With a typical trap concentration of EL2 of 101 4/cm3 on the surface and

1016/cm3 in the bulk, 0 is insignificant. Putting Eq. (12) into the Poisson

equation,

8E X(y) n(y) (13)

C5756A/sn
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Combining Eq. (13) with the current Eq. (9) and assuming Ex = 0 at x = 0, the

current density of SCL injection in the shallow trap case becomes

IxEVa
2

ScL(y) = 2.25 x 10 3 (14)•C W'Nt(Y )  (4

where W is the width of depletion region. With a reasonable estimation of EL2

distribution,
1 1

Nt(Y) = NtS + (NtB - NtS) (Y)2 (15)

where NtS and NtB represent EL2 concentration on the surface and in the bulk,

respectively. yo is the depth of the EL2 outdiffusion zone. By integrating

the injection carrier density over the whole depletion depth, the total cur-

rent per unit width can be derived as

d

ISCL = J JSCL (y) dy
0 (16

=1 3  Va2 0o 1 tB tS)1/2 d )

2.25 x .atan 1  t ()W '--N t( NtB . N tS N tS

In the case

NtB " NS
t 1 (2 d) << 1 , Eq. (16) is deduced as
NtY

ISCL 2.25 x 103  .t Sad (17)

In Eq. (15), the upper limit of current integration is determined by two con-

straints. The first constraint is the depth of the surface depletion zone

12
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which, in first order, can be estimated as

d , 2cVS 
(18)

q(nc - NtS)

where nc is the density of residual carbon acceptors. The second constraint

comes from the psuedo two-dimensional assumption in which no net current flows

vertically. This constraint confines all electron carriers into a surface

conduction layer with thickness

d z = d l / d 2 2 D e=
d 1 (19)

which is always smaller than dl, thus d = d2 - In a representative case,

assuming D = 130, e _ 1.1 x 10-12, 4 * 5 x 103, q = 1.6 x 1019 coul., NA =

5 x 1015,cm 3, the magnitude of d is around 102A.

Case of Deep Trapping

If Ef lies above Et by more than kT, 1 + a-, the traps are said to be

udeep", and they are filled with electrons. In this case,

Ef - EtET ' E> 1, which implies

nt(Y) - Nt(y) (20)

and the field equation can be rewritten as

E x(y)

S"" n(y) + Nt(y) (21)

Manipulating Eqs. (18) and (19), the current density of SCL injection in the

"deep* trap case can be found as

13
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g 9 JAVa2 VA )
JSCL( ) ff -W - q.t(Y) (- (22)

After a number (Nt) of deep traps have been filled, all carriers would be in-
Jected into the conduction band leading to trap-fill-limited SCL current. In

addition, three constraints need to be fulfilled to integrate the total injec-
tion current. The first constraint comes from the fact that JSCL should re-
main positive or zero. In other words, integration can be started from the
surface down to certain depth, d3, which would satisfy the condition

J cL(d3) =0 . (23)

Substituting Eq. (23) into Eqs. (22) and (15), d3 can be expressed as

7.5 x 106(V- NS

d3 Yo B " (24)
Nt

The other two constraints are the same as the constraints in the previous

case. During the integration, the upper limit, d, is determined by the smal-

lest one among d1, d2 and d3 . The total SCL current in the deep trap case can
now be represented as

d

sC1 f S L( y)dy

g PCVa2 qpVa S NtB " tS d)2 (2)

- - d d [Nt + 3 (-) ]

14
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Case of "Shallow" to "Deep" Transition

During the transition, once the injection level changes so rapidly,

no simple form could be addressed for current injection. In the present case,

the Fermi level moves across the trap level when the injection increases.

From the classical trap-fill-limited law of Lampert,'12 the transition would

take place at VTFL, which is

qNtS

VTFL C (26)

where C is the capacitance per unit area seen between cathode and anode. As

illustrated in Fig. 2.2-3, the SCL flow switches suddenly from one limiting

case (shallow trap or low injection) to another limiting case (deep trap or

high injection). At VTFL , the ratio between the deep trap injection and shal-

low trap injection is as much as the magnitude of 1

2.2.3 Reverse Saturation Current Through n+-p-n+

For a nearly floating base transistor, the major current is contribu-

ted by the collector reverse saturation current due to the bias voltage drop

across the collector space-charge region. Therefore, the current can be ex-

pressed by

qD D qDP qVa

Jra (-k + 4 1n) (e" IF- -1) .(27)

7n 

p

In case Va >> 26 mV, Jr becomes

qD nN qD P
J + _p n (28)Jr L

n p

where On and 0p are diffusion constants for electrons and holes, respectively.

Ln represents minority carrier diffusion length for the electron and Lp for

holes. N is the concentration in the base region, and Pn the hole concentra-

tion in the collection region. In case of room temperature, n1
2 . 1014/cm6 ,

15
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P 5 x 1015/cm3  5 x 10-4 cm, L p 3 x 10-4 cm, Dn = 130, Dp : 10,
n 2  n 2

Np p = i and the magnitude of Jr is approximately equal to
p p n n 0 r
8 x 1O" 6 /cm2. As shown in Fig. 2.2-3, Jr is too small to be responsible for

the substrate leakage.

2.2.4 Bulk Leakage Current

Although EL2 outdiffusion can cause surface leakage, the concentra-

tion remains high in the bulk (5 x 1015/cm3 , typically). Since the trap-fill-

limited voltage (VTFL) is linearly proportional to deep level trap density,

the bulk VTFL should be much higher than its surface counterpart. Therefore,

(bulk) NtB 0(surface)
'TFL = N TFL

t
NB

Previous work has demonstrated +- 102 after thermal annealing. Under such
N

circumstances, the bulk leakage urrent does not initiate trap-fill-limited

SCL injection for substrate leakage. However, the existence of unintention-

ally doped Si shallow donors would deliver free electrons to the conduction
band to contribute to the ohmic current,

Johm = qnEx . (30)

For a typical undoped semi-insulating GaAs wafer (108 Q-cm resistivity), the

residual donor concentration is about 107/cm3. The calculated current densi-

ties are illustrated in Fig. 2.2-3. It is interesting to find that for

V < VTFL , ohmic current through the bulk dominates, while for voltages higher

than VTFL, the injection through the surface depletion zone dominates.

16
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106 RcsMt

JSCL (DEEP
10 TRAP CASE)

102-
E

1 0-

10-2-

O 10-4  -
JOHM

Fig. 2.2-3 Surface conduction 10-6
mechanism in SI GaAs. z

S10-10

10-161
VTFL

VOLTAGE (V)
2.2.5 Experiments

Two experiments were carried out to check the accuracy of the multi-
conduction path model. The purpose of the first experiment was to determine
if EL2 or carbon correlated with VTWL* Four wafers were processed for the
isolation measurements. As shown in Table 2.2-1, the E12 concentrations were
varied from 4.8 x 1015/cm3 to 2.3 x 1016/cm3, and the carbon concentrations
were varied from 7 x 1015/cm3 to 4.6 x 1016/cm3. These wafers were checked as
semi-insulating before processing. After processing, three possible situa-
tions ware expected: 1) the VTWL correlates with carbon concentration, but
not EL2 concentration, 2) the VTWL correlates with £1.2 concentration, but not
carbon concentration, and 3) the VWFL does not correlate with either £12 or
carbon concentrations.

17
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Table 2.2-1

VTFL Voltage vs EL2 and Carbon

Wafer
No. Carbon EL2 VTFL

1 4.6 x 1016 1.6 x 1016 4 - 6 V

2 5.4 x 1015 2.3 x 1016 6.5 - 7.5 V
3* 5.4 x 1015 2.3 x 1016 6.5 - 7 V

4 7 x 1015  4.8 x 1015  1.6 - 3 V

* Surface treated with hot H3PO4 before Si3N4 cap.

The results showed that there was no correlation between VTFL and

carbon concentration, but that the correlation between VTFL and EL2 concentra-

tions was very strong. Thus, the higher the EL2 level, the higher the VTFL-

The experiment also rules out the prospect of exterior contamination, and

favors the scenario for reduced surface EL2 concentration.

The second experiment quantitatively checked the injection level with

3 lmi spaced isolation devices. Results are shown in Fig. 2.2-4; the solid

line shows experimental data, and the dashed line shows calculated results

based on measured VTFL and the conduction model. Very close agreement was

achieved; for V < VTFL bulk ohmic current dominates, while V > VTFL surface

SCL dominates.

11
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MRDC83-24122

1 X10-7
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I X 10-
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I X 10-10 ,1L.A d
0.1 0.3 0.6 1 2 3 6 10
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Fig. 2.2-4 Comparison of isolation model to experimental data.
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3.0 SINGLE EVENT UPSET MEASUREMENTS

Single event upsets can occur in a RAM when sufficient charge from

the path of an incident ion is collected at a critical node of a RAM cell such

that the cell switches state from a zero to a one or vice versa. The critical

charge, Qc, required to produce such a change is related to the voltage change

at the node, Vc, and the node capacitance, C, by the following relation:

Qc a C Vc

The kinds of particles which have been observed to produce single event upsets

include alpha particles and heavier high energy ions, which produce a high

charge density along their track in a semiconductor material. High energy

protons produce nuclear reactions in the semiconductor, yielding high energy

alpha particles and recoil ions, both of which may be capable of causing

single event upsets.

The critical node in the 256 bit RAM is believed to be the gate of

the FET In the flip-flop of the RAM cell which is biased off. Ionizing par-

ticles which pass through the gate region of this FET may produce upsets if

sufficient charge is collected by the gate. From the schematic of the RAM

cell shown in Fig. 3.0-1, it can be seen that there is a Schottky diode con-

nected to the gate of each of the transistors. This diode serves as a speed-

up capacitor. The area of the diode is much larger than the area of the FET

gate so that the cross section for upset would be expected to be determined

primarily by the area of the speed-up capacitor diode rather than the FET gate

area.

3.1 Alpha Particle Measurements

Upset measurements have been made on a number of 256 bit RAMs using
an Am-241 alpha particle source. The measurement consisted of storing either

all zeros or all ones in the cells of the RAM, exposing it to alpha particle

radiation for a given period of time, and then reading each cell to determine

20
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MRDC82-1 5872

D SD1

+VDDA +5 +5V +VDDA

22 ME222 MnT
99 nA 10n

WORD +0~ 1.5V DISABLED
LINE 720 9n .OV ENABLED

-VSSA -3V3V SA

D A131DATA
WRITE SENSE WRITE

LINE

POWER/BIT -(+5) (529) + (-3) (-171) - 1.81 uW/BIT
MEMORY ARRAY STATIC POWER - 4096 x 1.81 x 10-6 - 7.4 mW/4K CHIP

Fig. 3.0-1 Cell for 256 bit GaAs static RAM.
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the number of cells which had changed state as a result of the alpha particle

irradiation. Data for several RAMs are presented in Table 3.1-1 in terms of

the cross sections for failure to hold a zero or failure to hold a one. The

numerical value of these cross sections is similar in magnitude to the area of

the Schottky barrier speed-up capacitor, suggesting that this capacitor is

primarily responsible for the magnitude of the upset cross section. In an

attempt to confirm this hypothesis, an experiment was carried out in which

RAMs were processed without the implant for the Schottky diode speed-up ca-

pacitor. However, the metalization for this capacitor was deposited during

the processing so that the Schottky barrier metal in these devices lies on

semi-insulating GaAs rather than on GaAs which has been doped n-type by ion

implantation. Alpha particle upset cross sections for these devices are

listed in Table 3.1-2. Both the hold zero and hold one cross sections were

reduced as a result of this change. However, these cross sections are still

substantially larger than the area of the FET gate. It is believed that is is

associated with the fact that reduction of the capacitor connected to the FET

gate decreases the critical charge, and makes it possible for upsets to occur

as a result of collection of substantially smaller charge then when the speed-
up capacitor is present. Such charge may be collected, for example, by the

Schottky barrier metal of the unimplanted diode which lies on semi-insulating

GaAs. Charge collection experiments of the type described below indicate that

some charge collection will occur in such a structure.

Table 3.1-1

Upset Cross Sections for Alpha Particles

With Diode Implant Hold 0 Hold 1

62-53-22-2 155 P 2  141 m2

101-65-33-1 181 pm2  165 ptm

152-55-31-2 2
152-54-33-2 143 pm 143 pm

143-64-33-1 195 pLm2  168 pm2
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Table 3.1-2

Upset Cross Sections for Alpha Particles

With Diode Implant Hold 0 Hold 1

152-55-21-2 9m 2  7 m2
152-54-23-2 19 75

143-45-22-1 27 m2 114 M2

It is of interest to know the magnitude of charge which may be col-

lected from an alpha particle track in the GaAs RAMs. In order to investigate

this, experiments were carried out in which a fat FET connected as a diode was

irradiated with alpha particles. The device was connected to a charge sensi-

tive amplifier and the output of the amplifier fed to a pulse height analyzer,

as illustrated in Fig. 3.1-1. Typical data are shown in Fig. 3.1-2 where the

spectrum represented by the filled dots was obtained from the Am-241 source.

a-SOURCE M0m42

CIRI

ANALYZER

GATE - 145 pm x 350 pm

Fig. 3.1-1 Illustration of charge collection experiment.
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Fig. 3.1-2 Charge collection spectra for fat FETs irradiated with alpha
particles. Solid circles are for alphas from the Am-241 source
and open squares are for the Cm-244 source covered with a 1 mil
mylar absorber.

The two peaks seen in this spectrum are thought to be a result of the shape of

the energy spectrum of the alpha particles from the Am-241 source, shown in

Fig. 3.1-3. The alphas in the high energy peak have lower energy loss in the

GaAs and produce the lower energy peak in the charge collection spectrum,

whereas those in the low energy tail which have a higher energy loss rate in

the GaAs produce the peak at the higher energy. This hypothesis has been

checked by Irradiating fat FETs with a Cm-244 source covered with a 1 mil

thick muylar absorber. The spectrum from this source with the absorber is also

shown in Fig. 3.1-3. It can be seen that only alphas with energies below

about 1 teV would be incident upon the fat FET test device. The resulting
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spectrum is the one shown by the open squares in Fig. 3.1-2, which consists

primarily of a peak at the same energy as the higher energy peak produced by

the Am-241 source. It is therefore believed that the two peaks in the Am-

produced spectrum result from the energy spectrum of the incident alphas

rather than being an artifact of the geometry of the test device. The magni-

tude of the charge collected (about 7.5 fC maximum) is consistent with collec-

tion from an effective depth of about 0.5 pm.

3.2 40 MeV Proton Measurements

Single event upset measurements have also been carried out using

40 MeV protons from the NRL cyclotron. The data from these measurements are

shown in Table 3.2-1, where results both with and without the diode implant

are presented. In this case also, the cross sections are smaller for the RAMs

which did not have the diode implant. However, the asymmetry between hold

zero and hold one failures is opposite to that exhibited in the alpha particle

irradiation. This observation is not understood at present. The asymmetry in

the alpha particle case seemed consistent with asymmetries in geometry present

in the RAM cell.

Table 3.2-1

Upset Cross Sections for 40 MeV Protons (cm2/proton-bit)

With Diode Implant Hold 0 Hold I

62-43-22-2 2.5 x 10-10 2.3 x 10-10

62-43-21-1 1.5 x 10"10 2.5 x 10-10

62-53-22-2 4.5 x 10- 10  2.8 x 10-10
101-55-21-1 7.9 x 10"10  7.9 x 10"10

Without Diode Implant
152-56-21-2 4.8 x 10- 11  1.4 x 10- 10

152-55-21-1 2.3 x 10-11 7.7 x 10- 11
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The upset cross sections measured in the 40 MeV proton experiments

are higher than for most other RAM circuits which have been measured with such

irradiation. However, it is encouraging to note that a rough estimate of the

critical charge gives a result of about 6.5 fC. This value is only slightly

smaller than the maximum charge collected in the charge collection experiment

on the fat FETs. This result may indicate that the susceptibility of the RAM

to alpha particle radiation can be greatly decreased by relatively small de-

sign changes, i.e., doubling voltage swing. A significant decrease in alpha

particle susceptibility would be expected to result in a decrease in the cross

section for upset by 40 MeY protons, since alpha particles from the nuclear

reactions in the GaAs are responsible for a significant fraction of the upsets

resulting from the proton irradiation.
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4.0 RM5 MASK DESIGN

In order to provide RAM circuits with higher fabrication yields and

improved radiation resistance, the next RAM mask, RM5, incorporates new call

approaches. Several 256 bit circuits will be included to evaulate the impact

of both design and processing parameters. An optimized 1K circuit will also

be placed on RM5.

In a move which is anticipated to significantly improve RAM device

yields, a new cell approach utilizing a transmission gate concept will be ex-

plored. This is envisioned to be a conservative step, with two transmission

gates in a symmetrical design. This symmetry is expected to improve cell

radiation hardness. The cell utilizes all transistor loads and is designed

for a 1 V threshold voltage. Although it is estimated that this approach will

result in 16% more complexity per cell, the use of active loads and higher

threshold voltage are anticipated to result in very significant yield improve-

ments. The deletion of the additional fabrication steps related to cermet

resistor formation alone would improve the yield prognosis. The speed per-

formance of this cell is expected to be excellent with predicted read or write

times - 2 nsec. Although the penalty in power for this approach is signifi-

cant, the desired goal of this study, the determination of the importance of

selected design/fabrication parameters on yield, is expected to result.

In a different direction, a second cell approach will be included on

RM4 which utilizes an enhancement/depletion (E/D) approach. In this design,

an enhancement approach is used for the memory cell, and a depletion approach

for the peripherals. This results in a very compact device (30 x 35 P) occu-
pying only 60% of the area of 256 bit RAMs of previous designs. The small

area of this device is expected to result in significant yield improvements.

Simulation indicate that a 1K design with this E/D approach will offer advan-

tages in power as well, with - 10-20 W/bit projected dissipation. The goal of

this design is 2 nsec access time.
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The enhancement approach will be accomplished by recessing, most

likely by reactive ion etching. Experience has already been gained in dry

recessing technique development in IR&0 activities. Resistors will be formed

with the cermet process, with 200-500K Q values required. The enhancement

model memory cell has a voltage swing of only 0.7 V the depletion model per-

ipherals with a swing of 1.5 V, providing larger charging capability.

In a third approach, as shown in Fig. 4.0-1, a transmission gate

design also employs cermet resistors. With this lower power, lower speed

(> 10 nsec) circuit, the threshold voltages will be 0.5 V, with resistors

< 4 M-Q. This approach shows promise as a low power, rad hard design.

MIIX:"-2Sl931

VDDR

4M 4M

5 5 D

ROWSLT

2x9

7.75 4/ 7.5

OND

IBM 15M

VSSR

Fig. 4.0-1 Low power transmission gate cell approach.
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